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Abstract. Biogas plays an important role, with a very high potential for development. To 
convert biomass into biogas can be used different types of waste: waste and by-products from 
agriculture, agro-industry and food industry, and household and generally the waste from a lot of 
everyday activities of society. In principle, the bioconversion of lignocellulosic biomass produced 
useful and valuable is done in several stages: (i) preliminary pretreatment (mechanical, physical or 
chemical) to reduce non starchy macromolecules (eg. lignin);(ii) enzymatic hydrolysis of cellulose and 
hemicellulose fermenting carbohydrates (mainly glucose and xylose);(iii) the use of these molecules 
either microbial growth or for the synthesis of nano-type compounds;(iv) separation and purification 
of the final product. 
The aim of the paper is to determine pe characteristics of pretreatment with H2SO4, to obtain 
biogas from Mischantus giganteus plants. The best results were obtained in chemically treated variants 
B with H2SO4 concentration greater than 1%; when using the enzyme MethaPlus L 100 same trend is 
observed for variants with advanced hydration over 1.0% H2SO4. The examination of variants with 
more than 1.0% H2SO4 is apparent that the rate of hydrolysis differ very little in terms of effectiveness 
and safety equipment used in obtaining biogas is preferably choosing 1.0% H2SO4. 
 




Currently, production of biogas installations by processing substrates from agriculture, 
animal manure, crop residues, energy crops or organic waste from agro-industrial activities 
and the food industry is an important goal. According to International Energy Agency (IEA), 
a number of thousands of agricultural biogas plants are operational in Europe and North 
America. Many of these plants are the technologically advanced, built to scale, knowing their 
number increased considerably in recent years. It is estimated that in Europe there is 
considerable potential to increase current production of biogas, based on agricultural 
activities. After EU enlargement, the new Eastern European member countries should also use 
these technologies to benefit from their high potential for biogas. (Ali, Y. and Hanna, M.A., 
1994; Barnwal, B.K. and Sharma, M.P., 2005; Frohlich, A. and Rice, B., 2005; Meher, L.C. et 
al., 2006; Puhan, S. et al., 2005). 
The corresponding growth potential is of biomass from agricultural origin. According 
AEBIOM in EU27 countries can be used between 20 and 40 million hectares (Mha) of 
agricultural land for energy production, without affecting food production of the Union. In 
this regard, biogas plays an important role, with a very high potential for development. To 
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convert biomass into biogas can be used different types of waste: waste and by-products from 
agriculture, agro-industry and food industry, household and generally the waste from a lot of 
everyday activities of society. (Demirbas A. et al, 2003; Ma, F. and Hanna, M.A.1999; 
Muniyappa, P.R. et al, 1996; Sa Filha, H.L. et al. 1979) 
In principle, the bioconversion of lignocellulosic biomass produced useful and 
valuable is done in several stages:  
(i) preliminary pretreatment (mechanical, physical or chemical) to reduce non starchy 
macromolecules (eg. lignin) (Fukuda, H. et al., 2001); 
(ii) enzymatic hydrolysis of cellulose and hemicellulose fermenting carbohydrates (mainly 
glucose and xylose) (Scragg, A.H. et al., 2003, Suppes, G.J.et al., 2004); 
(iii) the use of these molecules either microbial growth or for the synthesis of nano-type 
compounds (Fukuda, H. et al., 2001);  
(iv) separation and purification of the final product. 
Studies in this field separates the different types of pretreatment: mechanical 
(chopping, grinding), chemical (phosphoric acid, hydrochloric acid, sulfuric acid, acetic acid, 
AFEX, sodium hydroxide, hydrogen peroxide), physical (vapor, radiation, freezing / thawing) 
and biological (microorganisms). 
It was found that mechanical pretreatment affects the ability of increasing enzyme 
adsorption on the surface of cellulose. The increase in accessibility is the result of openness 
and accessibility of cellulose structure of the internal surface. 
Using enzymatic pretreatment with cellulose or complex mixture of hydrolytic 
enzymes (celluloses, hemicelluloses, xylanase, amylase, laccaze, pectinases etc.) substantially 
improves the efficiency of processing lignocelluloses waste, such increasingly gaining more 
ground. 
Among these pretreatment methods presented interest H2SO4 attack, because it relies 
on the difference in resistance to acid hydrolysis of hemicelluloses and cellulose, is 
commonly used for recovery of pulp for the production of biogas. 
 
MATERIALS AND METHODS 
 
The substrate used was Miscanthus giganteus Straw, energy plants (genetically 
modified or not), crumbled different (<1mm, <10 mm, 50 mm). They were previously dried 
and crumbled <1mm, so to increase the surface to acces the enzyme complex to the cellulose 
fibrils. The ratio of substrate: water, was 1: 15. 
Pretreatment applied. Was tested one type of chemical pretreatment: H2SO4 applied 
in different concentrations (0.5%, 1%, 1.5% and 2% respectively). Pretreatment physically 
was carried out at 90oC heat for 2 hours or 121oC for 30 minutes. 
Enzyme pretretments were as follows: MethaPlus L 100 (containing β-glucanase, 
cellulase, xylanase) product of firm BIOPRACT GmbH. 
Enzyme pretreatments used were made in the following conditions: optimum pH 4.8-
5.0, reaction time 20 hours at 55oC and 220 rpm shaking. Initially, optimization of 
pretreatments with enzyme was achieved in the laboratory in 100 ml flasks Erlenmeyer. All 
experiments were performed in triplicate, results are presented as their media. 
Chemical tests performed. Determination of cellulose, hemicelluloses and lignin was 
made using the methods AOAC (Association of Official Analytical Chemists) and 
gravimetric dosing. Such methods were used byVan Soest (Goering, H.K. and Van Soest, 
P.J., 1992, Van Soest, P.J., J.B.Robertson and B.A.,Lewis, 1991) for determination of NDF, 
Neutral Detergent Fiber (NDF content is the unit of measurement for the contents of the cell 
wall degradable substances: cellulose, hemicelluloses, lignin), ADF-Acid Detergent Fiber 
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(The method serves to determine the content of lignocelluloses materials containing cellulose 
and lignin in determining variable) and ADL, acid detergent (This method is used to 
determine lignin).  
Tab. 1 
The scheme of experimental variants 
 
No Variants Specification 
0 Mt Plant material 
1 A1 Chemical pretreatment with 0.5% concentration H2SO4 pretreatment followed by 30 min at 121oC physical 
2 A2 Chemical pretreatment with 1.0% concentration H2SO4 pretreatment followed by 30 min at 121oC physical 
3 A3 Chemical pretreatment with 1.5% concentration H2SO4 pretreatment followed by 30 min at 121oC physical 
4 A4 Chemical pretreatment with 2.0% concentration H2SO4 pretreatment followed by 30 min at 121oC physical 
5 B1 Chemical pretreatment with 0.5% concentration H2SO4 pretreatment followed by 30 min at 121oC physical and enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
6 B2 Chemical pretreatment with 1.0% concentration H2SO4 pretreatment followed by 30 min at 121oC physical and enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
7 B3 Chemical pretreatment with 1.5% concentration H2SO4 pretreatment followed by 30 min at 121oC physical and enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
8 B4 Chemical pretreatment with 2.0% concentration H2SO4 pretreatment followed by 30 min at 121oC physical and enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
9 C1 H2SO4 concentration chemical pretreatment to 0.5% for 2 hours at room temperature followed by enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
10 C2 H2SO4 concentration chemical pretreatment to 1.0% for 2 hours at room temperature followed by enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
11 C3 H2SO4 concentration chemical pretreatment to 1.5% for 2 hours at room temperature followed by enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
12 C4 H2SO4 concentration chemical pretreatment to 2.0% for 2 hours at room temperature followed by enzymatic hydrolysis with MethaPlus L 100 for 20 hours 
 
 
RESULTS AND DISCUSSION 
 
Experimental variants A, B, C were analyzed on the main components of 
lignocellulosic that cellulose, hemicelluloses and lignin as well as specific components NDF, 
ADF and ADL. 
In the case of celluloses (Fig.1.) compared with control all variants have lost weight 
of cellulose. The best results were obtained in variants B (chemical pretreatment with 
different concentrations 0.5%, 1%, 1.5%, 2% of H2SO4 followed by 30 min at 121oC physical 
pretreatment and enzymatic hydrolysis with MethaPlus L 100 time 20 hours) where the 
cellulose decreased from 37% at control to values between 17 and 25%. Without the addition 
of enzyme variants (variant A) the decreases in weights of the cellulose are lower, between 
27.5% and 20.7%, and the lowest decreases are at variants without temperature regime is 
included respectively in variants C. 
Between variants the graduations from sulfuric acid differ significantly, respectively 
by increasing the concentration of H2SO4 the proportion of cellulose decreases. Declines are 






Fig. 1. The contents of cellulose obtained from experimental variations  
where chemical attack was carried out with H2SO4 
 
In the case of hemicelluloses the differences are also apparent, so at variants B 
recorded the lowest content of this compound (Fig. 2). Among the enzyme variants and the 
other variants the hemicelluloses is gradually decreased depending on the concentration of 
sulfuric acid. At the variants without the temperature variations pretreatment, the 
hemicelluloses decreases is lower. Variations between different concentrations of 1% H2SO4 




Fig. 2. The hemicelluloses content obtained from experimental variations  




Fig. 3. Lignin content obtained in experimental variants  
where chemical attack was carried out with H2SO4 
 
Lignin (Fig. 3) decreases as a result of hydrolysis are low, between 9.1% and 35.61%. 
Among the experimental variants the best results are to be recorded in variants B where falls 
are up to 35.61%, and compared with the proportion of sulfuric acid existed into the 




 Heat activation determined an acceleration of the process so that cellulose, 
hemicelluloses and lignin decreased their quantity. 
 Chemical treatment has resulted in a higher concentration of the reactant and in favor of 
H2SO4; 
 Addition of enzyme favored the consumption of hydro cellulosic components; 
 The best results were obtained in chemically treated variants B with H2SO4 
concentration greater than 1%; 
 When using the enzyme MethaPlus L 100 same trend is observed for variants with 
advanced hydration over 1.0% H2SO4. The examination of variants with more than 1.0% 
H2SO4 is apparent that the rate of hydrolysis differ very little in terms of effectiveness and 
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